Apoptotic signals within the basal forebrain cholinergic neurons in Alzheimer's disease.
A relatively early and substantial loss of basal forebrain cholinergic neurons is a constant feature of Alzheimer's disease (AD). However, the mechanisms that contribute to the selective vulnerability of these neurons are not fully delineated. In the present series of experiments, we determined the possible contribution of apoptotic processes and other pathologic cascades to the degeneration of the cholinergic neurons of the nucleus basalis of Meynert (NBM) in AD. In contrast to neurons in the frontal cortex which showed prominent DNA fragmentation as detected by the TUNEL method, no DNA fragmentation was observed within the NBM in any of the AD or normal brains. Similarly, immunoreactivity for the apoptotic signals Fas, Fas-ligand, Bax, Bcl-x, caspase-8, caspase-9 and caspase-3 was absent from the NBM of AD and control brains. In contrast, a substantial subpopulation of cholinergic neurons within the NBM in AD displayed prominent immunoreactivity for the apoptotic signal Fas-associated death domain (FADD) in the form of tangles. FADD immunoreactivity was also present in dystrophic neurites. FADD-positive tangle-like structures were localized in neurons which contained immunoreactivity for the cholinergic marker choline acetyltransferase (ChAT) and the low affinity neurotrophin receptor p75NTR. While many of the NBM cholinergic neurons in control brains contained immunoreactivity for the calcium binding protein calbindin-D28K (CB), the NBM neurons in AD displayed a substantial loss of CB immunoreactivity. Importantly, most of FADD-immunoreactive cholinergic neurons were devoid of CB immunoreactivity, and, conversely, most CB-positive cholinergic neurons had no FADD immunoreactivity. FADD immunoreactivity within the basal forebrain was colocalized with phosphorylated tau immunoreactive tangles and dystrophic neurites. In contrast, FADD immunoreactivity did not appear to be related to the primarily diffuse amyloid-beta deposits intermingled between cholinergic neurons in AD NBM. Finally, many CD68-positive microglia were observed surrounding the NBM cholinergic neurons in AD. In conclusion, the findings of the present study indicate that, while the FADD apoptotic signaling pathway may be triggered within the basal forebrain cholinergic neurons in AD, the apoptotic cascade is most likely aborted as no DNA fragmentation was detected and the executioner caspase-3 was not up-regulated within these neurons. The findings also suggest possible relationships between loss of CB, FADD expression and phosphorylation of tau within the basal forebrain cholinergic neurons in AD.